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Boston University, Henry M. Goldman School of Dental Medicine, 2017 
Major Professor: Dr Serge Dibart, DMD DDS, Chair of Periodontology 
ABSTRACT 
Corticotomies have been used to assist orthodontic treatment since the late 18th century.  
This review describes and compares different surgical techniques available to accelerate 
tooth movement: PAOO™, Corticision, Piezocision™ and Propel.  
All of the approaches described accelerate orthodontic tooth movement and may protect 
against root resorption. PAOO™ and Piezocision™ offer the option of bone and soft 
tissue grafting at time of surgery. Corticision, Piezocision™ and Propel are considered 
minimally invasive procedures thanks to the flapless approach, but the use of the mallet in 
Corticision could constitute a trauma for the patient. The piezoelectric knife creates a 
more intense Regional Accelleratory Phenomenon (RAP) at the site of injury due to the 
effect of high frequency vibrations. This suggests that Piezocision™ could create a greater 
effect on bone remodeling, hence producing faster tooth movement and extended RAP.  
The lack of randomized controlled clinical trials makes an effective comparison between 
these techniques difficult and future studies are needed to better evaluate the outcomes of 
each of these.  
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INTRODUCTION 
The need for accelerated orthodontic treatment 
The U.S. population is expected to increase by 98.1 million between 2014 and 2060, 
reaching 417 million in 2060. The percentage of the population under the age of 18 is 
expected to decrease from 23 to 20 percent while the percentage of the population over 65 
is expected to increase from 15 to 24 percent1 (Table 1). 
 
Table 1: Age distribution of the population by nativity: 2014 to 2060. Source: Census. 
As dentists, we must be aware of these age changes and of different treatments and 
requirements of older patients. 
0 10 20 30 40 50 60 70 
2014 
2020 
2030 
2040 
2050 
2060 
65 and older 
18 to 64 
Under 18 
2 
Adult orthodontic treatment has increased in the UK2,3 as well as in the United States4. 
From 1981 to 2013 the percentage of adult cases increased from 15.4% to 23%. The 
number of orthodontists offering adult treatment increased from 51% to 98.6%.  
A questionnaire2 sent to orthodonists listed in the General Dental Council’s Specialist List 
in Orthodontics found that 72.5% of the adult patients underwent orthodontic treatment 
only while the remaining 22.5% had multi-disciplinary treatments involving other 
specialities. The majority of patients (73.9%) ranged in age between 26-35 years. 
A study conducted at the Eastman Dental Insitute in the UK5 showed that the desire to 
straighten teeth and improve the smile were the primary factors for initiating treatment. 
One-half of the adult patients were self-motivated to seek treatment. The decision to 
undergo treatment was influenced by society’s pressure to look good. Functional reasons 
(Table 2) included the need to improve cleaning and tooth brushing, improve speech, 
correct the “bite” or to stop the wearing away of teeth. A significant percentage of adult 
patients (13.3%) demanded orthodontic treatment as part of a more complex treatment 
plan to facilitate or improve esthetic and/or functional restorative outcomes. 
 
Table 2: Reasons for adults seeking orthodontic treatment according to Pabari 2011 
0	   20	   40	   60	   80	  
To improve my smile 
To Improve the appereance of my face 
To straighten my teeth 
To close spaces 
Previous treatment did not work 
To improve cleaning/toothbrushing 
To improve my speech 
To improve my "bite" 
To stop my teeth wearing away 
Because I heard about braces that you cannot see 
To make another type of dental treatment for my teeth easier 
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According to Tayer6, a high portion (33%) of adult patients undergoing orthodontic 
treatment were occasionally discouraged because of the treatment duration and the 
inconvenience and discomfort involved with the use of orthodontic appliances. Thus, 
length of treatment time is a major concern for adult orthodontic patients.  
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Historical overview and rationale of the techniques 
The “bony block” concept 
Surgically assisted orthodontic movement was first described by L.C. Bryan, in 18937. 
Since then many authors have adopted different surgical techniques to accelerate 
orthodontic tooth movement. 
In 1931 Bichlmayr8 described a surgical procedure to accelerate correction of severe 
maxillary protrusions with orthodontic appliances. His technique consisted of removal of 
wedges of bone to decrease the bone volume through which the roots could move.   
In 1959 Köle9 applied the same concept to different types of tooth movements such as 
correction of deep overbite, labioversion of the upper incisors and protrusion of the lower 
anteriors.  
The rationale for this treatment was that the main resistance to movement is in the cortical 
layer of the bone which requires a longer remodeling time compared to the trabecula of 
the spongiosa. Köle osteotomized the cortical layer of bone along the entire alveolar 
height both buccally and lingually and connected the vertical cuts 1 cm away from the 
apices.  This left the spongiosa intact so as not to interfere with the blood supply. The 
result was the creation of a block of bone embedding one or more teeth virtually separated 
from the rest of the alveolar bone by the incision of the cortical bone. All movement was 
completed after an average of 10 weeks. Patients wore a retention device for 6 months to 
allow the bone to heal. Vitality tests taken 6 months later were all positive.  
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Generson10 in 1978 published a case report of two cases successfully treated in a short 
time with the use of corticotomy as an addition to the orthodontic treatment. He revised 
Köle’s technique using a 1-stage corticotomy without the supra-apical osteotomy. 
In 1987, Rynearson11 found no significant difference in the cortical plate of bone of 
premolars before and after space closures. He noted that the cortical plate does not move 
during tooth movement. 
A clinical trial by Gantes12 used Köle’s technique to place orthodontic appliances in 5 
patients with different malocclusions prior to surgery. Treatment completion was two 
times faster in the test group compared to the control group. After analyzing Plaque 
Scores, Probing Depth and Clinical Attachment Level, he concluded that this surgical 
procedure does not produce periodontal complications. 
In 1991, Suya13 used “corticotomy-facilitated orthodontic” surgical treatments on 395 
adult Japanese patients. This treatment substituted a supra-apical horizontal corticotomy 
cut in place of the horizonal cut used in Köle’s procedure. Like Köle he did not luxate the 
blocks of bone. Some of his cases were completed in six months although most of his 
cases required twelve months. He observed that this procedure is less painful, produces 
less root resorption and exhibits less relapse and allowed completion of the major active 
tooth movements in three to four months before the blocks of bone could fuse together. 
Dentoalveolar Distraction Osteogenesis 
An approach similar to the “bony block” movement was described in 1998 by Liou and 
Huang14 in a case series of 15 patients treated for canine retraction with extraction of first 
premolars. They introduced the concept of “dental distraction”. Their technique consisted 
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of undermining the interseptal bone distal to the canine and drilling a vertical incision 
along the extracion socket of the first premolar both in the buccal and lingual side (Image 
1).  
The orthodontic forces produced movement from 0.5 to 1 mm a day with a distraction 
device (Image 2) and achieved complete repositioning in 3 weeks. They observed 
compromised tooth vitality of the adjacent teeth but a low mesialization of the first molars 
which served, together with the second premolars, as anchor teeth.  
 
Image 1: Liou and Hwang technique: schematic representation of the incisions made on the extraction 
socket of the first premolar. Their technique consisted of undermining the interseptal bone distal to the 
canine and drilling a vertical incision along the extracion socket of the first premolar both in the buccal and 
lingual side. 
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Image 2: Liou and Hwang orthodontic distraction device. Power chains were placed on the lingual side 
between the canine and the first molar to prevent rotation of the canine during distraction. 
 RAP: Regional Acceleratory Phenomenon 
In 1983 Frost15 defined the Regional Acceleratory Phenomenon (RAP) as a “complex 
reaction of mammalian tissues to diverse noxious stimuli”. This reaction occurs regionally 
in the area of injury and involves both hard and soft tissues. It is characterized by an 
acceleration of most normal vital tissue processes. Frost discussed causes, nature, 
anatomical distribution and duration of RAP. 
Induction of RAP requires a noxious stimulus of sufficient magnitude to induce an effect 
on the surrounding tissues. The magnitude of the stimulus determines the size of the 
affected region and the intensity of the response. If strong enough it can bilaterally affect 
vascular anatomy and innervation. The effect on bone is a decrease in density due to an 
increase in the remodeling space. The duration, depending on the kind of stimulus, can 
last from 4 months to 2 years. 
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Shih and Norrdin16 evaluated RAP in the tibia of beagle dogs 30 days after a standardized 
injury by comparing the injured side vs the controlateral control side. Bone remodeling 
was more rapid on the injured side. 
In a later publication Frost17 described stages of sequential biological activities that RAP 
induces in fracture healing. First cells are sensitized and release local messangers.  
Second, over the course of 2 weeks granulation tissue forms when osteoclasts invade the 
area to resorb the fracture borders. Third, callus forms (4 to 16 weeks) as granulation 
tissue is replaced by osteoid/chondroid tissue. Finally, lamellar bone is formed and is 
mineralized. Each step is 2 to 10 times faster because of RAP which starts a few days after 
the fracture, peaks at 1-2 months and may take 6 to 24 months to subside. 
The RAP was also observed by Bogoch18 in a rabbit model. He performed an incomplete 
osteotomy of the distal medial condyle and included calcein in the rabbit diet to label the 
newly formed bone. At 4 weeks, he observed new bone formation in the cancellous bone 
of the area around the osteotomy, with a 5-fold increase in new bone with no changes in 
bone volume. This was explained as a local acceleration in bone remodeling, that occurred 
after the injury created by the osteotomy. 
Osteoporosis and tooth movement 
Goldie and King19 assessed the effect of calcium deficiency on bone density and tooth 
movement in Sprangue-Dawley rats. Lactation and calcium-deficient diets increase the 
secretion of parathyroid hormone in rats. They divided 35 rats into two groups. Control 
animals (n=10) were non-pregnant and non-lactating rats who received a balanced diet. 
The test group (n=25) were lactating rats who received a calcium-deficient diet. Both 
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groups had orthodontic appliances applied to mesialize the first molars. The authors 
measured bone density, tooth movement and the amount of root resorption at 1-4-7-10-14 
days.  Bone density decreased in the test group due to secondary hyperparathyroidism. 
The magnitude of tooth movement was significantly higher in the test group while root 
resorption was significantly lower. They proved that increased bone turnover and 
decreased bone density allows faster remodeling of bone and less remodeling of the root 
tissues. 
 RAP and tooth movement: Periodontally Accelerated Osteogenic Orthodontics (PAOO) 
The first one to talk about RAP applied to the mandible was Yaffe20, in 1994. He observed 
that elevation of a mucoperiosteal flap in rats is sufficient to create RAP in the treated area 
but he did not relate it to tooth movement. The phenomenon was observed 10 days after 
surgery, peaked at 3 weeks and was almost complete after 120 days.  
In 2001 Wilcko and Wilcko21 finally disproved the “bony block concept” relating the 
effect of the corticotomy to the RAP described by Harold Frost.  
They introduced the Accelerated Osteogenic Orthodontics (AOO) technique, in which 
orthodontic appliances are applied one week preceding the surgery. Intrasulcular incisions 
are made both in the buccal and lingual side of the selected area, a full thickness flap is 
reflected where possible until the apex and the corticotomies are performed. The vertical 
incisions are located between the teeth and connected apically where possible. Additional 
corticotomies are performed to increase the flow of cells to facilitate the bone 
augmentation. DFDBA and bovine graft previously wet with clincamycin were placed and 
the flap was repositioned and sutured with non-resorbable sutures  (Image 3). 
10 
 
Image 3: Wilcko and Wilcko PAOO. On the left side, corticotomies and vertical incisions between teeth. On 
the right side, DFDBA was placed to increase the buccal bone thickness. 
Corticision 
The name of this technique, introduced by Park22 in 2009, is a neologism which indicates 
“cortical bone incision”. It is a minimally invasive flapless periodontal procedure which 
uses RAP to accelerate tooth movement.  In this technique, described in a later publication 
in 201623, a reinforced scalpel is used as a thin chisel to separate the interproximal cortices 
transmucosally without reflecting a flap.  The advantage of this technique, when compared 
to the PAOO surgery, is the flapless approach. However, some patients complained of 
dizziness related to the use of the mallett. 
Piezocision 
Piezocision is a recent technique to accelerate tooth movement and is based on RAP.  
It was first described in 2009 by Dibart24 who combined the advantage of grafting offered 
by PAOO of Wilcko and Wilcko with the flapless approach adopted by Park.  The surgery 
is performed 1 week after the placement of the fixed orthodontic appliance under local 
anesthesia. Vertical interproximal incisions are made below the interdental papilla on the 
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buccal aspect of the elements planned for major movement (Image 4). The incisions are 
kept minimal except in the areas requiring bone grafting and go through the periosteum to 
the alveolar bone. 
       
Image 4: Vertical interproximal incision: vertical interproximal incisions are made below the interdental 
papilla on the buccal aspect of the elements planned for major movement. 
Corticotomies are performed with a Piezoelectrical surgical knife (BS1 insert, Piezotome, 
Satelec Acteon Group, Merignac, France) through the gingival incision in the bone with a 
depth of 3 mm to pass the cortical plate (Image 5). 
       
Image 5: Corticotomy performed with piezoelectric knife through the incision: corticotomies are performed 
with a Piezoelectrical surgical knife (BS1 insert, Piezotome, Satelec Acteon Group, Merignac, France) 
through the gingival incision in the bone with a depth of 3 mm to pass the cortical plate. 
12 
Where bone grafting is needed a small periosteal elevator is used to create a tunnel which 
will accomodate the bone graft.  Suturing is recommended only in areas that receive graft 
material and is not necessary if only corticotomy is performed.  The discomfort for the 
patient is minimal and the advantages of this procedure include the option of grafting and 
very limited surgical time. The dizziness caused by the use of the mallet with corticision is 
avoided. 
Micro-Osteoperforations (MOP) 
To further reduce the invasive nature of the surgical techniques aimed to accelerate orthodontic movements, 
orthodontic movements, Propel Orthodontics introduced a disposable device called Propel used to puncture 
used to puncture bone in a process named Alveocentesis ( 
 
 
Image 6). 
 
 
 
 
Image 6: Propel device by Propel Orthodontics: a disposable device called Propel used to puncture bone in 
a process named Alveocentesis. 
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Alikhani in 201325 used Propel in a clinical trial in 20 adults with class II division I 
malocclusions. He performed three flapless microperforations under local anestesia 
distally to the canines 6 months after the extraction of the premolars (Image 7).  
 
Image 7: Propel use in Alikhani publication (2013): he performed three flapless microperforations under 
local anestesia distally to the canines 6 months after the extraction of the premolars. 
  
14 
HUMAN AND ANIMAL PUBLICATIONS  
PAOO 
Case Reports 
In 2001 Wilcko and Wilcko21 published a report of two cases describing the PAOO 
technique. One 24-year-old male with a class I severely crowded malocclusion (Image 8)  
and one 17-year-old female with a class I moderately to severely crowded malocclusion 
(Image 9), was treated using the surgical technique previously described. Following the 
surgery orthodontic adjustments were made approximately every 2 weeks and completed 
within 6 to 7 months then reducing the treatment time by 75%. The first patient also 
needed bone grafting and re-entry was done 15 months after the surgery and 8.5 months 
after debracketing. A substantial increase in bone thickness and good maintenance in the 
height of bone crest occurred together with coverage of a fenestration noted on the root of 
the first premolar at time of surgery.  
 
Image 8: Case 1 from Wilcko and Wilcko 2001. A and C: preoperative frontal and occlusal views; B and D: 
Post-treatment frontal and occlusal views. 
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They concluded that corticotomy caused a transient osteoporosis that allowed faster tooth 
movement. The possibility of grafting is an added value to the corticotomy-facilitated 
orthodontics. 
 
Image 9: Case 2 from Wilcko and Wilcko 2001. A: preoperative frontal view; B: Post-treatment frontal 
view. 
Nowzari in 200826 used the PAOO technique to accelerate orthodontic movement using 
autogenous bone harvested from the rami and the mandibular exostosis instead of FDBA. 
The patient was a 41-year-old male with a Class II division 2 malocclusion (Image 10). 
Orthodontic adjustments were done immediately after surgery and every 2 weeks 
postsurgery. The case was completed in 8 months. Re-entry was made 4 months later and 
showed an unchanged thickness on the maxillary and mandibular buccal plates and the 
absence of new fenestrations or dehiscences. He concluded that PAOO is a viable option 
to accelerate orthodontic treatment. 
16 
 
Image 10: Case from Nowzari 2008. A: preoperative occlusal views; B: corticotomies in upper and lower 
arch; C: bone grafting; D: post-treatment frontal view. 
In 2009, Wilcko and Wilcko27 reported two more cases treated with PAOO. The first 
patient (Image 11) was a 23-year-old male with Class I canine and molar relationship, 
upper and lower arch crowding and severe upper arch constriction in the 
anterior/biscuspid areas with bilateral crossbites in anterior and posterior areas. His case 
was completed in 6.5 months with a cross-arch expansion of 8 mm. Re-entry showed a 
evident thickening of the alveolar housing. The second patient (Image 12) was a 47-year-
old female with moderate anterior crowding, a 4 mm overjet, class I molar relation on the 
right side and class II on the left side and a missing upper left second bicuspid. The 
treatment time was 7 months and at re-entry all the fenestrations and dehiscenses noticed 
at the day of surgery were filled with bone.  
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Image 11: Case 1 from Wilcko and Wilcko 2009. A: preoperative frontal view; B: post-treatment frontal 
view. 
    
Image 12: Case 2 from Wilcko and Wilcko 2009. A: preoperative lateral view; B: post-treatment lateral 
view. 
In 2009, Wilcko and Wilcko28 published a case series of three cases that included 
extraction of the first bicuspids and retraction of the canines to close the space. The first 
case (Image 13) was a 29-year-old female with a Class I molar relationship, moderate 
upper crowding and severe lower crowding, anterior openbite and a 8 mm anterior overjet. 
She had upper first premolars and lower canines extracted followed by PAOO surgery. 
Her treatment lasted 9 months. The second case (Image 14) was a 30-year-old male with 
bi-maxillary protrusion, a 8 mm anterior open bite and moderate upper and lower anterior 
crowding. Upper and lower first bicuspids were extracted and second bicuspids and 
molars were used as anchorage. After PAOO treatment was completed in 9 months. The 
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third case (Image 15) was a 37-year-old male with Class II molar and canine relations, 
severe upper crowding, moderate lower crowding, a moderately deep bite and a 3-4 mm 
anterior overjet. The treatment time after surgery was 12 months. They concluded that the 
PAOO technique allows teeth to be moved two to three times farther in one quarter to one 
third of the time required for orthodontic treatment alone. In addition undesirable effects 
such as root resorption and relapse can be reduced. 
 
Image 13: Case 1 from Wilcko and Wilcko 2009. A: preoperative lateral view; B: corticotomy; C: bone 
grafting; D: post-operative lateral view; E: lateral view after brackets removal. 
 
Image 14: Case 2 from Wilcko and Wilcko 2009. A: preoperative lateral view; B: corticotomy; C: bone 
grafting; D: post-operative lateral view; E: lateral view after brackets removal. 
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Image 15: Case 3 from Wilcko and Wilcko 2009. A: preoperative lateral view; B:1 month after orthotontic 
activation; C: lateral view after brackets removal. 
Human studies 
Fischer 200729 treated 6 patients with bilaterally impacted maxillary canines undergoing 
orthodontic treatment after surgically uncovering both canines. One randomly selected 
side received corticotomy with a series of circular holes along the bone mesial and distal 
to the impacted tooth where possible, corticotomy was extended into the edentulous area 
where the tooth had to be moved. Two weeks later orthodontic attachments were placed 
and orthodontic traction was applied to both canines with a force of 60 g. Patients were 
seen every 6 to 8 weeks till the canine was close to the final position then every other 
week.  Once the tip of the canine reached the final position, timing of treatment, periapical 
radiographs and periodontal probings were recorded and compared for the two sides.  In 
all six patients the treatment time was reduced to the 28-33% with no significant 
differences in clinical or radiographic parameters. 
Lee 200730 compared treatment outcomes for bimaxillary protrusion treated with 
orthodontic treatment alone, anterior segmental osteotomy or corticotomy-assisted 
orthodontic treatment. The patients were 65 Korean adult females: 29 were treated with 
conventional orthodontic treatment and maximum anchorage using transpalatal arch 
and/or headgear, 20 with corticotomy-assisted orthodontic treatment and skeletal 
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anchorage; 16 with anterior segmental osteotomy in the maxilla and mandible. The mean 
treatment time for the conventional orthodontic treatment was longer than the other two 
groups. The corticotomy assisted treatment for orthodontic movement was proven to be a 
viable alternative to traditional orthodontic treatment alone. 
Aboul-Ela 201131 compared miniscrew implant-supported maxillary canine retraction with 
and without corticotomy-facilitated orthodontics in 13 adult patients with a split mouth 
study design. The rate of canine retraction was twice as fast for the test sides in the first 
two months, 1.6 times higher in the third month and almost the same after that. This is in 
agreement with the transient effect of RAP. The gingival indices were not significantly 
higher on the test side.  
Animal Studies 
Cho 200732 evaluated the effect of corticotomy on the rate of tooth movement during 
orthodontic treatment in two beagle dogs. Using a split mouth study design (Image 16), he 
activated only the third bicuspids on the right side. 4 weeks after extraction of the second 
bicuspids. A force of 150 g was applied in the upper and lower arch with either a simple 
tipping movement or a wire-guided movement. The rate of movement was evaluated by 
measuring the distance between third and fourth bicuspids. The teeth on the test side 
moved faster than those on the control side. The difference was evident after the second 
week. After 8 weeks the difference in the speed of tooth movement was 4x in the maxilla 
and 2x in the mandible. 
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Image 16: Diagram of the study design (Cho 2007): split mouth study design. 4 weeks after extraction of the 
second bicuspids only the right side was activated with corticotomies. 
Histological examination of the areas that were activated with corticotomy showed higher 
cellular activities (osteoclasts, osteoblasts, cementoblasts and fibroblasts) at 2 and 8 
weeks. After 6 months of treatment only a few osteoclasts and fibroblasts were present 
and the periodontal tissue included numerous thick collagen fibers. 
Similarily, Iino 200733 measured the rate of tooth movement and the bone reaction after 
corticotomy in a split mouth study on 12 beagle dogs. The four second premolars were 
extracted. A waiting period of 16 weeks allowed for the complete formation and 
mineralization of the callus. Corticotomy was perfomed of the left side and a continuous 
orthodontic force of 0.5 N was applied to the third premolars to mesialize them (Image 
17). 
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Image 17: Schematic representation of the orthodontic appliance from Iino 2007. 
Standardized radiographs were taken at a constant distance and angle before and at 1, 2, 4, 
and 8 weeks after corticotomy. Specimens from the compression side of the third premolar 
were examined at 1, 2, 4 and 8 weeks. 
Movement was constant and more rapid and total movement was double on the 
experimental side. On the control side movement was slower between week 1 and 2 
compared to the other time points. This could be explained by a lack of the lag phase of 
orthodontic movement after corticotomy. Root resorption was present after 4 and 8 weeks 
on the control side, but not on the test side. This study proved that corticotomy can 
accalerate tooth movement and that it can prevent root resorption. 
Mostafa 200934 evaluated the effect of corticotomy on orthodontic movement with the use 
of miniscrews. The second premolars were extracted and miniscrews were placed between 
the roots of third premolars and first molars in six beagle dogs. On the experimental side 
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corticotomy was performed as shown in (Image 18). Tooth movement was initiated 
immediately after surgery by applying a force of 400 g. The distance between first and 
third premolars was measured weekly using notches on the two teeth. Histological 
samples were taken each week after enthanizing an animal. 
 
Image 18: Corticotomy on the experimental side. 
On the experimental side tooth movement was approximately double compared to the 
contol side. 
The histologic findings of the compressive side were: 
- During the first and second weeks (Image 19), the PDL of the experimental group 
(CF) widened and the interseptal bone was resorbed. In the control (S) group, the 
PDL narrowed and the fiber bundles were consensed. Neither group had root 
resorption. 
- During the third and the fourth weeks (Image 20), the PDL has more mature with 
organized fibers in the CF group. The continuation between PDL and extraction 
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socket was still evident while in the S group the extraction socket reverted to a 
nearly normal condition. 
- After the sixth week (Image 21), the CF group had direct resorption on the bone 
surface and a greater number of osteoclasts. The woven bone was replaced by 
lamellar bone in the extraction socket. In the S group hyalinization was present in 
the intermediate zone where PDL turnover is localized. 
 
Image 19: Photomicrographs of the compressive sides after the second week. A: CF group, with sporadic 
bony area (thick arrows) in the PDL (p) and woven bone trabeculae (thin arrows) surrounded by osteoblasts 
in the healing socket, where dilated blood vessels (V) are evident. B: S group with haphazard fibrous 
arrangement of the PDL (p) and thin bone trabeculae with osteoblasts in the extraction socket (arrows) and 
alveolar bone (a). 
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Image 20: Photomicrographs of the compressive sides after the fourth week. A: CF group with trabeculae of 
woven bone and osteoblasts. B: S group showing haphazard fibrous arrangement of the PDL (p) and 
scalloped bone surfaces facing the PDL (arrows). 
 
Image 21: Photomicrographs of the compressive sides after the sixth week. A: CF group with lamellar bone 
(*) and osteoclasts (arrows). B: S group showing areas of hyalinization in the intermediate zone (h) and 
bone formation (arrows). 
26 
On the tension side: 
- During the first and second weeks (Image 22), the newly formed bone in the S 
group was thinner and more regular than in the CF group. Areas of collagen fiber 
degeneration were noticed in the CF group near the bone surface, but not in the S 
group. 
- During the third and the fourth weeks (Image 23), the PDL of the S group 
appeared more mature and the newly formed bone was thinner. 
- After the sixth week (Image 24), the collagen bundles appeared normal in both 
groups, while the bone appeared more mature in the CF group. 
In summary, the findings confirm the role of corticotomy in increasing the rate of tooth 
movement and bone turnover leading to a more active and extensive bone remodeling 
after corticotomy. 
 
Image 22: Photomicrographs of the tension sides after the second week. Dilated blood vessels both in CF 
and S group (V) with areas of woven bone (*) surrounded by osteoblasts in B. Fibrous degeneration near 
the bone surface (*) in A. 
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Image 23: Photomicrographs of the tension sides after the fourth week. Widened periodontium. In the CF 
group (A) mature and immature fibers are more represented. 
 
Image 24: Photomicrographs of the tension sides after the sixth week. Osteogenesis and PDL fibers back to 
normal arrangement. 
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Sanjideh in 201035 assessed the effect of corticotomy on a dog model on the rate of tooth 
movement when performed simultaneously with premolar extraction, and to determine if a 
second procedure performed within 4 weeks reduces the treatment time. The study was 
performed in 5 male foxhounds and used a split mouth design. Third premolars were 
extracted in the mandibular quadrants and second premolars in the maxillary quadrants. 
One maxillary and one mandibular quadrant received only corticotomy on the day of 
extraction. The other maxillary quadrant received a second procedure after 28 days and 
the last quadrant was the control with no procedure performed. 
Tooth movement measurements were taken at days 0, 10, 14, 28, 42 and 56.  
After 56 days the extent of tooth movement on the test side of the mandible was double 
that of the control side. The maxillary tooth movement was similar for both sides until day 
36 when movement on the side that received two surgeries was increased. Both sides were 
similar at day 56. They concluded that corticotomy accelerates orthodontic tooth 
movement but that a second procedure is not justified. 
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CORTICISION 
Animal studies 
Kim and Park in 200922 evaluated the effect of corticision on orthodontic movement in 16 
cats. The control group (A) received only orthodontic force, Group B received corticision 
and orthodontic force and group C received corticision, orthodontic force and periodic 
mobilization. The control animals had no surgical intervention on either side to avoid a 
systemic acceleratory phenomenon following surgical injury. The three groups were 
further divided into four subgroups according to the duration of the force application: 
group I, 7 days; group II, 14 days; group III, 21 days; group IV, 28 days. The cats from 
group IV were injected with oxytetracycline hydrochloride, calcein and alizarin red to 
label the new formed mineralized bone for quantitative analysis. The canines were 
bracketed and retraction was started using first and second molar as anchorage with a 
100g force. The magnitude of the force was checked weekly and re-activated if needed. 
The test groups (B and C) received corticision on the mesiobuccal, distobuccal and 
distopalatal aspects of both maxillary canines. A reinforced surgical blade and mallet were 
used to penetrate the soft and hard tissues to reach the cancellous bone. The injury was 
kept 2 mm away from the papillary gingival margin and 1 mm beyond the mucogingival 
junction. Mobilization was performed in group C using a pincet immediately after 
corticision and repeated every 3 days. Tissue blocks including the canines were resected 
from the maxillae and analyzed. They observed extensive direct resorption of the bundle 
bone with less hyalinization in group B when compared to the controls. At 28 days, the 
mean apposition of new bone was 3.5-fold higher in group B than in the control group. No 
signs of root resorption or other pathologic changes were observed where Corticision was 
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performed. Their explanation to these findings lays on the action of RAP on the lag phase 
duration. RAP can stimulate the removal of hyalinized tissue, shortening the lag phase of 
tooth movement. A shorter lag phase allows a decrease in treatment duration. No 
differences were found between groups B and C. Periodic manipulation was not sufficient 
to lengthen the duration of RAP.  
Murphy in 201436, using a rat model, evaluated the effect of corticision with two different 
force magnitudes on the rate of tooth movement and the biologic effects on the 
remodeling of alveolar bone 14 days after the initiation of orthodontic movement. 
44 rats were divided into four groups receiving a strong (100g) or light (10g) orthodontic 
force with or without corticision. The force was applied from first maxillary molars to 
central incisiors with a prefabricated spring which was activated at the day of surgery and 
checked twice a week. After one week the spring was reactivated and the corticision was 
repeated in the corticision groups. Corticision was performed on the mesiopalatal aspect 
of the maxillary left first molar. The controlateral side was used in all groups as a control. 
At 14 days, microcomputed tomography analysis was used for quantitative analysis of 
bone changes in the region of the maxillary first molar: 
- the amount of tooth movement was assessed on two-dimensional sagittal sections 
- the changes in the alveolar bone were studied by analyzing bone volume fraction 
(BVF), apparent density and tissue density of the most coronal part of the furcation 
area of the maxillary first molar. 
Histomorphometic analysis was performed in 6 animals per group to assess the osteoclast 
activity and relate it to the bone density changes. 
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When intergroup comparisions were made for the microcomputed tomography analysis 
datas no significant differences were found in any of the variables. Histologic sections 
showed a significantly lower BVF for the light load group compared with other groups. 
The number of osteoclasts, normalized to the amount of mineralized bone, was slightly 
but not significantly higher in the light force group. These datas suggest that low force 
could cause higher osteoclast recruitment resulting in greater bone resorption. 
Murphy in 201637 repeated the experiment with a similar study design to evaluate the 
effect of corticision with heavy and light orthodontic forces on root resorption.  
Midsections of the distobuccal and mesial roots were used for histomorphometric analysis 
and root resorption was evaluated by identifying discontinuities along the root surface. 
The root volume was calculated from the microCT analysis. 
Histomorphometric analysis showed that erosion areas were mostly present on the 
compression (mesial) side of the root with no significant difference within the four groups 
and no significant difference with the controlateral control side. When groups were pooled 
there was a significant decrease in the eroded area for the corticision groups. 
In volumetric analysis, differences were found only between control group and light force, 
light force and corticision and heavy force group, but there was not intergroup difference 
in the treatment groups. 
The measurements of this study suggest that corticision has a slight effect in reducing root 
resorption which was not statistically significant. 
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PIEZOCISION 
Case reports 
Piezocision™ was first described in a case report by Dibart in 200924. The patient was a 
26-year-old female (Image 25) with a class II division 2 dental relationship and a skeletal 
class I with slightly retruded maxilla and normodivergent mandible. The surgery was done 
1 week following the placement of the orthodontic appliance. Ten vertical interproximal 
microincisions were made in each arch and the piezoelectric knife was used to perform 
corticotomies of about 3 mm depth. The areas which needed expansion were tunneled and 
grafted with bone. The vertical incisions in the grafted areas were then sutured with 5.0 
resorbable sutures. After 17 weeks of active treatment the case was completed. The author 
concluded that Piezocision is a viable minimally invasive alternative to the PAOO and 
allows a faster tooth movement with a procedure that takes no longer than 1 hour. 
 
Image 25: Case reported by Dibart 2009. A: Pretreatment frontal view; B: post-treatment frontal view; C: 
tunneling of areas to be grafted with bone; D: bone grafting; E: sutures. 
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Keser and Dibart in 201338 published another case report showing that sequential 
piezocision  to correct class III malocclusion significantly reduced the treatment time. 
The patient was a 25-year-old woman with a class III malocclusion with a narrow maxilla 
and a crossbite in maxillary right second premolar, canine and lateral incisors and left 
lateral and central incisors. She had a 7.5 mm crowding in the maxillary arch and a 2 mm 
crowding in the mandibular arch. 
The patient was given the option to have orthognathic surgery but refused.  
Treatment was started by bonding the maxillary arch from second molar to second molar, 
excluding the maxillary left incisors for lack of space and performing the piezocision 
surgery 9 days later. After piezocision orthodontic appointments were scheduled every 2 
weeks instead of every four weeks. Ten weeks later the mandible was bonded and 
piezocision was done after 14 days. The orthodontic treatment was completed in 8 months 
and fixed retainers were placed. 
Piezocision was succesfully used in a sequential manner to correct a challenging class III 
malocclusion without the use of orthognathic surgery. 
Milano 201439 published a case report of a patient treated with piezocision with the use of 
a surgical guide (Image 26) to avoid the risk involved with the surgery in case of root 
proximity. He proposed a three-dimensional planing of the position of the bone incisions 
on a digital model of the arches created with the superimposition of the CT-scan of the 
patient and his three-dimensional models. In order to have some reference point to 
superimpose the images from the CT-scan and the 3D model, the xray was taken with the 
patient wearing a customized tray with radiopaque markers. 
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Image 26: Surgical stent digitally created to guide piezocision surgery. 
Human studies 
Aksakalli in 201640 investigated the effectiveness of piezocision in canine distalization 
using three-dimensional measurements. He evaluated the trasnversal changes, the 
postdistalization gingival status and mobility scores. 
The study involved a split mouth design with the experimental quadrant randomly 
assigned to either the experimental or the control group. The ten patients selected were 
systemically healthy and were indicated for bilateral first maxillary premolar extraction 
and canine distalization after a diagnosis of half or more unit class II malocclusion. 
In all patients, teeth were aligned before canine distalization with moderate anchorage. 
After this, piezocision was performed on the randomly selected experimental side. Two 
buccal vertical incisions of approximately 10 mm were made 5 mm apical to the distal and 
mesial papilla of the canines. A piezoelectric knife was used to create cortical alveolar 
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incisions to a the depth of 3 mm. After the surgery the distalization phase was started in 
both sides with elastometric chains with a force of 150 g. Patients were examined at 2-
weeks intervals and the elastometric chains were replaced at each appointment until ideal 
Class I canine relationships were established. 
Pre and post-distalizations impressions were superimposed (Image 27) using the palatal 
ruges as a reference. Pre and post distalization measurements of movement, gingival 
scores and mobility were compared for the two groups.  
 
Image 27: Superimposition of pre and post distalization digital impression from Aksakalli publication. 
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Piezocision-assisted canine distalization decreased the total treatment duration and 
anchorage loss in the molar region. No differences were found in the two groups for 
mobility and gingival indices. 
Piezocision-assisted canine distalization decreased canine distalization time by half and 
mantained good molar anchorage with no dangerous effects on the periodontum. 
Charavet in 201641 compared conventional orthodontic treatment to piezocision-assisted 
orthodontic treatment to determine the effect on treatment duration time, periodontal 
health, alveolar crest changes analgesic intake and patient centered outcomes. Twenty-
four patients were randomly assigned to either the piezocision or the control group.  
The overall treatment time was significantly lower in the test group and the treatment time 
was on average 43% faster. Periodontal and radiographic parameters were similar after the 
treatment in the two groups, but scars were observed in 50% of the test group patients. 
Patient satisfaction was significantly higher for the patients who received piezocision. 
Additionally, variations in orthodontic treatment duration were smaller in patients of the 
piezocision group, suggesting that the piezocision procedure could equalize the bone 
turnover and tooth movement kinetics in all patients. 
The study values piezocision as a successful tool to accelerate orthodontic movement. 
Animal studies 
Dibart in 201442 studied the biological mechanism underlying piezocision, with or without 
tooth movement on a rat model. 
 
37 
Ninety-four Sprague-Dawley rats were divided into four groups: no treatment, tooth 
movement alone, piezocision alone and tooth movement and piezocision. 
Histomorphometric changes in alveolar bone, catabolic activity and extent of 
demineralization after piezocision were analyzed at 1, 3, 7, 14, 28, 42 and 56 days. 
 
Image 28: Percentage of bone demineralization over time in the three experimental groups in Dibart 2014 
study. 
As shown in Image 28, piezocision increased the rate of bone resorption beginning on day 
3 and continuing until day 14. After day 14 the tooth movement was the driving force for 
bone resorption. Piezocision lead to an increase in osteoclastic activity starting as soon as 
1 day after the surgery and lasting up to 7 days. The increase in osteoclasts number was 
significantly greater in the piezocision and tooth movement groups, suggesting a 
contributory effect of tooth movement. The highest number of osteoclasts in the tooth 
movement alone group was at day 3, with a decrease thereafter. The observed extension of 
the effect of piezocision at day 14 was of one and a half tooth. 
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The transient osteopenia induced by the surgery seemed to help bypassing the lag phase 
following the displacement phase of orthodontic tooth movement hence accellerating 
tooth movement.  
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PROPEL 
Animal studies 
Limited and shallow perforations of the buccal cortical plate of the maxilla are sufficient 
to increase the expression of inflammatory cytokines and create RAP (Teixeira, 201043). 
The study was conducted in 48 adult male Sprague-Dawley rats divided into four groups: 
1. Control (C): coil spring with no activation 
2. Orthodontic force (OF): orthodontic force applied to the spring 
3. Orthodontic force and soft tissue flap (OF): a soft tissue flap was raised around the 
left first molar and flap was sealed with cyanoacrylate tissue adhesive. 
4. Orthodontic force and soft tissue flap with shallow perforation of the cortical plate 
(OFP): a soft tissue flap was raised around the left first molar and 3 shallow 
perforations (depth and diameter of 0,25 mm) were placed 5 mm mesial to the left 
first molar with a round bur. The flap was sealed with cyanoacrylate tissue 
adhesive. 
All the procedures were done in the left side only while the right side was used as an 
additional control group. Four animals from each group were used for gene expression 
studies and sacrificed after 24 hours, 4 for microCT and fluorescent studies and 4 for 
demineralized histological studies, both subgroups sacrificed after 28 days. 
The findings from this study are: 
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- Osteoperforations increase the rate of tooth movement: at 28 days, the OFP group 
had the greatest mean tooth movement that was significantly higher than C, O and 
OF groups. 
- Osteoperforations increase expression of inflammatory cytokines: expression of 37 
cytokine receptors was increased more than 2-fold in the left side of O, OF and 
OFP groups when compared to control group. Expression of 21 cytokine receptors 
was statistically higher in the OFP group than in O or OF group. 
- Osteoperforation increases osteoclast activity: quantitative analysis of osteoclasts 
in the pressure side demonstrated a three-fold increase in numbers of osteoclasts in 
the OFP group when compared to OF and O groups. The alveolar bone resorption 
in the OFP group was increased. 
- Osteoperforations increase the rate of bone remodeling and generalized 
osteoporosity: under fluorescent microscopy the OFP group showed a hightened 
bone remodeling activity with decreased bone density. 
Not only the injury per se but vibration also has an influence in mineralization of the 
alveolar bone. The osteogenic potential of application of vibration on the alveolar bone 
was demonstrated by Alikhani in 201244. 
He conducted a study in 85 male Sprague-Dawley rats divided into three groups: 
1. Untreated (control) group that received no intervention; 
2. Sham group that received 4 µε of static load on the occlusal surface of the right 
first maxillary molar for 5 minutes a day for 28 days; 
3. Treatment group that received different high frequency accelerations (vibration) 
that produced a strain of 4 µε (microstrain) on alveolar bone. The vibration was 
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applied on the occlusal surface of the right first maxillary molar for 5 minutes a 
day for 28 days. 
Animals from all groups were sacrificed to perform different analysis: 4 animals per 
condition for microCT, fluorescence microscopy and FTIR analysis (28 animals total); 3 
animals for paraffin embedding (9 animals total), 5 animals at 3 different time-points (day 
0, 3 and 14) for RT-PCR (45 animals total) and 3 animals for acceleration and strain 
measurements. 
The findings are the following: 
- High frequency accelerations in the absence of a significant force are osteogenic: 
while a static application of a 4 µε static force was not osteogenic, the application 
of a similar strain at a peak acceleration of 0.3 g and frequencies of 30, 60, 100 and 
200 Hz increased the Bone Volume/Total Bone ratio 10%, 17%, 19% and 12% 
respectively. At 60 Hz, an increase in acceleration from 0.3 g to 0.6 g increased 
BV/TV from 17% to 21%. 
- Osteogenic effect of high-frequency acceleration is not limited to the area of 
application, but has a gradient response that is higher near the point of application 
and occurs through an increase of the trabecular thickness and a consequent 
decrease in trabecular spacing. 
- High-frequency acceleration alters the alveolar bone mineral content: SEM images 
confirmed data from microCT showing a higher rate of mineralization in bone in 
the vibration group. 
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- High-frequency acceleration induces the expression of bone markers and 
regulators: the expression of 26 genes correlated to osteoblast differentation 
increased in the vibration group. 
Human studies 
The rate of bone resorption influences the rate of orthodontic movement. Bone resorption 
is determined by the activity of osteoclasts. Chemokines play an important role in the 
recruitment of osteoclast precursor cells, cytokines, directly or indirectly, through the 
prostaglandin E2 pathway and the RANK/RANKL pathway, play a role in osteoclast 
maturation from their precursors. Alikhani in 201325 investigated the effect of micro-
osteoperforations (MOPs) on the expression of inflammatory markers and on the rate of 
tooth movement. 
Twenty adults with Class II division 1 malocclusion were included in the study and 
divided into two groups: the test group received MOPs on either the right or the left side, 
while the control group had orthodontic treatment only. All subjects had fully erupted 
maxillary canines and required the extraction of both maxillary first premolars.  
The fixed appliances were bonded in both arches and the first premolars were extracted. 
After 6 months experimental and control groups were leveled and aligned before 
retraction and alginate impressions were taken. A peri-apical xray was taken to determine 
the center of resistance of the canine based on the root length.  
In the experimental group three MOPs were performed distal to the canines before the 
retraction using a disposable MOP device designed for this purpose by PROPEL 
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Orthodontics (Ossing, NY), under local anesthesia (Image 29). No medications were 
prescribed after the procedure. 
Movement was achieved with a calibrated 100-g nicket-titanium closing-coil spring 
connected from a temporary anchorage device to a power arm on the canine bracket that 
allowed the application of the orthodontic force as close as possible to the center of 
resistance of the tooth. The force level applied to the canines remained constant for 
decreases of 0.5 to 1.5 mm in the length of the spring after initial activation. 
 
Image 29: A: Temporary Anchorage Device (TAD) was placed, as shown in image, between second 
premolar and first molar, 5 mm from the alveolar crest. Three smal MOPs were located at equal distance 
from canines and second premolar. Each perforation was 1.5 mm wide and 2 to 3 mm deep. The first 
premolar was extracted 6 months before the surgery. B: The appliance PROPEL was used to perform MOPs 
in the designed areas. (Alikani, 2013). 
The study was concluded after 4 weeks of canine retraction and alginate impressions were 
taken. 
The measurements made were: 
1. GCF collection at baseline, before canine retraction and at each visit. The 
collection was made from the disto-buccal crevices of the maxillary canines 
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between 10AM and 12noon. Cytokines levels were measured using a custon 
protein array for the following cytokines: CCL-2, CCL-3, CCL-5, IL-8, IL-1α, IL-
1β, IL-6 and TNF-α.  
The levels of chemokines increased significantly after 24 hours of canine 
retraction in both groups. At 28 days in the control group only IL-1 was still 
significantly higher than before retraction while in the test group IL-1α and IL-1β 
levels were higher compared to before retraction. 
2. Alginate impressions were taken at the baseline, immediately before canine 
retraction and after 28 days. The distance between canine and central and lateral 
incisors was made at 3 points: incisal, middle and cervical part of the crowns.  
At 28 days canine retraction in the group that received MOPs was 2.3-fold higher 
compared to the control group or the controlateral side of the experimental group 
that did not receive MOPs. No difference was found between controlateral side 
and control group.  
In both groups the coronal part of the canine moved more than the cervical part but 
no significant difference between groups was found. 
3. The participants were asked to assess their level of discomfort in a scale from 0 to 
10 in different time points: the day of appliance placement, the day of canine 
retraction, at 24h, 7 days and 28 days. No inter-group difference was found at any 
time-point. 
In conclusion, MOPs were shown to increase the expression of cytokines and chemokynes 
correlated to the osteoclasts activity, to increase the rate of canine retraction and not to 
cause additional discomfort to the patients. 
 
45 
DISCUSSION 
This review was designed to present different available surgical options that accelerate 
orthodontic tooth movement and to assess which approach offers more advantages in 
terms of patient discomfort and timing of treatment. 
Indications for the use of any of these procedures relate to the patient’s desire to receive 
ideal treatment including that which requires the minimum time course of treatment. 
Orthodontic treatment often requires years of commitment by the and this can be a major 
problem, especially with an adult population6. Each of the techniques described allows for 
a significant decrease in treatment duration. The duration of treatment was reduced to 1/3-
1/4 of the expected time with the PAOO surgery21 and to 1/2 with piezocision surgery41.  
This will be an advantage also in interdisciplinary treatments that are widely required by 
adult population5, where tooth movement is necessary to provide the patient with the ideal 
restorative outcome. Corticotomy procedures could also represent an alternative to 
orthognatic surgery to patients who are not willing to undergo major procedures38. Some 
authors suggest that there is an additional advantage of protection from root resorption45, 
27, 46,37. However, this concept has been rebutted by Patterson47 with a microcomputed 
tomography study in which an increased risk of root damage was present with piezocision. 
His finding might be related to improper surgical technique, resulting in direct damage to 
the root, rather than the effect of the procedure on the remodeling of the root surfaces. 
Contraindications to treatment are mainly related, but not limited to, patient factors that do 
not allow for surgical procedures. Root proximity might be an obstacle when planning for 
periodontally accelerated tooth movement, for the increased risk of root damage. 
Adequate pre-operative XRAYs are necessary to plan for the surgical procedure and to 
avoid any risk of damaging tooth structure or compromising tooth vitality. 
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Studies on the effects of these techniques are mainly case reports and case series. Animal 
and human case studies are variable in terms of study design and subject population and 
this constitutes a limit to a direct comparison of the different techniques. However, we can 
draw some conclusions as to the advantages and disadvantages of each procedure. 
The PAOO™  procedure introduced by Wilcko and Wilcko21 constituted a new approach 
to the corticotomy procedure, applying the concept of RAP to orthodontic tooth 
movement. The transient biological effect of the injury allows reduction of the lag phase 
of orthodontic tooth movement, and thus a decrease in total treatment time46. The addition 
of bone grafting on the day of surgery offers the advantage of preventing the formation of 
new fenestrations and bone dehiscences26 and allows for the filling of pre-existent ones, 
while thicknening the alveolar housing27. The duration of treatmet can be decreased up to 
75%28,29 while reducing undesirable effects such as root resorption46 and relapse28 with no 
effect on gingival indices31.  
Disadvantages of the PAOO™ technique are related to patient discomfort and 
invasiveness of the surgical procedure. These disadvantages were overcome by the 
introduction of Corticision22. The flapless approach decreases the posto-operative 
discomfort and the use of a reinforced scalpel with a mallet to create the injury recreates 
conditions necessary for RAP in the area, heading to a shortening of the lag phase thanks 
to a faster removal of hyalinization products22. The main limitations of this procedure lay 
on the impossibility of bone grafting and on the intrasurgical use of the mallet that can be 
psychologically challenging for the patient. 
The Piezocision™ procedure introduced by Dibart24 combined the advantages of PAOO™  
and Corticision. The possibility of grafting is an adjunctive to the benefits offered by a 
minimally invasive flapless surgery. The surgical procedure can be performed in limited 
chair time24 with minimal patient discomfort. When root proximity or other anatomical 
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features are a concern digital planning of the position of the incisions can be an additional 
advantage to the surgery39. Human studies40,41 confirmed that piezocision decreased total 
treatment duration without compromising tooth mobility and gingival indices.  
Propel is the most recently introduced technique. As Corticision, it offers a minimally 
invasive flapless approach, but does not allow for additional grafting. The use of the 
Propel device makes the procedure easy to perform by any operator as there is no need for 
incisions. Patient discomfort and chair time are definetly decreased compared to any other 
procedures previously described but where the thickness of the alveolar bone is a concern 
other approaches such as PAOO™ or Piezocision™ should be considered. 
Each of these techniques uses a different instrument to produce the injury in the surgical 
site and the kind of instrument could influence the bone remodeling rate. 
Salih in 201648 investigated differences between the piezoelectric knife, bur and hand held 
screw device on bone remodeling activity on a calvarial bone model. Osteoclastic bone 
resorption, osteoblastic differentiation and bone formation were surprisingly high in the 
sham piezotome group suggesting that vibration can produce a response similar to a direct 
injury. The piezotome injury group showed the greatest area of bone resorption and 
formation extending to the controlateral side of the calvaria. This is probably due to the 
combined effect of injury and vibration. The bur injury group had significant remodeling 
activity, but limited to the area of injury, while the hand held screw device injury 
produced the least amount of osteoclastic and osteoblastic activity. The author concluded 
that piezotome had the greatest impact on bone resorption and formation and suggested 
that the high frequency vibrations could amplify the natural response to injury. His 
findings are in accordance with Alikhani44 observations that not only the injury per se, but 
vibration also has an influence in mineralization of alveolar bone.  
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CONCLUSIONS 
Corticotomies are relatively new procedures and only few cases have been reported in the 
literature. Controlled clinical trials are necessary to evaluate and compare the 
effectiveness of the different available techniques. 
Within the limitations of this review, we can draw the following conclusions: 
1. All the techniques described accelerate orthodontic movement. No data is available 
to effectively compare the amount of time saved with these different approaches. 
2. Corticotomies may have a protective role against root resorption. Clinical trials 
should be designed to compare and evaluate the effect of the different approaches 
on root resorption and PDL hyalinization. 
3. Piezocision™ and PAOO™ offer the advantage of grafting at time of surgery 
which allows for thickening of the alveolar bone and filling of pre-existing 
dehiscences and correcting mucogingival defects. 
4. Piezocision™, Propel and Corticision are flapless approaches and are less invasive 
than PAOO™. The use of the mallet in Corticision could be stressful for the 
patient. 
5. The use of Piezoelectric knife has a greater impact on bone metabolism and creates 
a greater RAP when compared to other techniques.  
Piezocision™ seems to be the procedure of choice in terms of patient discomfort, 
possibility of grafting and effect on bone remodeling. Further research is needed to 
confirm this conclusion. 
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